Energy Band Engineering and Luminescence Properties of Green-Yellow InGaN/GaN Quantum Wells by 李晴飞
 
学校编码：10384                            分类号        密级           










硕  士  学  位  论  文 




Energy Band Engineering and Luminescence Properties of 




专  业 名 称：凝聚态物理 
论文提交日期：2014 年 5 月 
论文答辩时间：2014 年   月 
学位授予日期：2014 年   月 
  
答辩委员会主席：            
评    阅    人：            
 
 






















另外，该学位论文为（                           ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的





























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 













 I  
摘 要 
 
黄绿光 LED 通常要求生长高铟组分的 InGaN 有源层。由于 InN 和 GaN 之
间存在较大的晶格失配，高铟组分 InGaN 材料通常存在晶体质量差，非辐射复
合率高的缺点。此外，GaN 和 InGaN 之间的大应力会产生强的内建电场，引起
能带弯曲，电子和空穴波函数空间分离，大幅降低有效辐射复合率。 
本文通过对 GaN 垒层的铟预处理和调控 InGaN 有源层的生长温度设计并外
延了一种新型高铟 InGaN/GaN 量子阱结构，综合运用 AFM、HR-TEM、







1) 能带调控后的量子阱晶体质量得到改善。AFM、TEM、XRD 和 STEM 表
征显示量子阱的界面陡峭，晶体质量较高。XRD、XPS 和 STEM 实验表明量子
阱结构为：0.52 nm 的 In0.35Ga0.65N, 1.56 nm 的 In0.35-0.22Ga0.65-0.78N，和 1.56 nm 的
In0.22Ga0.78N。这种量子阱结构的获得表明通过调控 InGaN 有源层的生长参数可
以有效地控制量子阱生长，实现新型的复杂量子阱结构。 
2) 与传统三角量子阱相比，新型 InGaN/GaN 量子阱的能带弯曲进一步减弱，
电子和空穴波函数的空间交叠增加，由电子第二束缚能级参与带间跃迁增多。 
3) PL 显示新型 InGaN/GaN 量子阱的发光为双波长黄绿发光，可以为 RGB
白光的获得提供一种新的可能途径。 




































 II  
Abstract 
Due to the large lattice mismatch between InN and GaN, the InGaN alloy 
phenomena  and pit formation would become severe with an increase of indium 
content, leading to poor crystalline quality and increase of nonradiative recombination 
rate for green-yellow LEDs. In addition, strong piezoelectric field within high indium 
content InGaN on GaN leads to a local separation of electrons and holes in InGaN 
quantum wells, leading to a significant decrease of radiative recombination rate. 
In this thesis, a modified InGaN active layer structure was proposed and 
achieved by indium pretreatment of the bottom GaN barriers and control of the 
growth temperature profile of the InGaN active layers. Various characterization 
techniques such as AFM，HR-TEM, HAADF-STEM, HR-XRD, XPS，and PL 
combined with APSYS simulation were employed to investigate the modified 
triangular QWs and to explore the origin of the luminescence properties 
experimentally and theoretically. The high-quality modified QWs shows efficiency 
and droop improvements, which are attributed to the improvement in overlapping of 
electron and hole wave functions, the promotion of hole injection, the increased 
radiative recombination and the enhanced interband transitions involving the excited 
electron state. In addition, the broad-band dual-wavelength green-yellow emission, 
which was observed in PL spectrum, may be applicable for monolithic or RGB white 
light sources. Brief summaries are as follows: 
1) The modified InGaN/GaN QWs showed improved crystalline quality and 
interface abruptness. High-quality InGaN/GaN QW structure composed of 0.52 nm 
In0.35Ga0.65N “wetting layers”, 1.56 nm In0.35-0.22Ga0.65-0.78N graded layers, and 1.56 
nm In0.22Ga0.78N layers along the growth direction was achieved. 
2) Energy band structures showed enhanced overlap of electron and hole wave 
functions, and enhanced interband transitions involving the excited electron state “e2” 
for the modified triangular QWs compared with that of the conventional triangular 
QWs. 













 III  
may be applicable for monolithic or RGB white light sources. 
4) With increase of injection current, major contribution of the interband 
transition between the excited electron state “e2” and the first quantized hole state 
“h1” to the emission spectra led to the spectral broadening and broad-band 
green-yellow emission. Further, the filling of excited electron state with electrons at 
high carrier injection density and the reduction in PF-induced band bending 
suppressed the carrier leakage or electron overflow loss. 
5) APSYS simulation showed efficiency and droop improvements, which were 
attributed to the improvement in overlapping of electron and hole wave functions, the 
promotion of hole injection, the increased radiative recombination and the enhanced 
interband transitions involving the excited electron state for the modified InGaN 
active layers. 
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次在部分核心关键技术方面取得突破，并实现了光效超过 100 lm/W 的大功率
LED 芯片的产业化，封装技术也达到国际水平(120-130 lm/w)，并在国际上首次
推出具有自主知识产权并且光效超过 90 lm/W 的 Si 衬底 LED 芯片[5]。虽然近几
年中国在半导体方面取得了突破性的进展，然而综观中国半导体产业链的全局，
技术、专利和标准仍然是我国半导体照明产业发展的主要制约。但是作为全球人
















































































































































 5  
表1.1 纤锌矿InN、AlN、GaN的基本物理参数 




未掺杂的 GaN 总是呈现出 n 型材料的特性，其电子浓度的数量级达到 1017-1018 





 AlN GaN InN 
晶格常数 a（T=300 K）（Å）a 3.112 3.189 3.545 
热膨胀系数（×10-6/K）b 4.20 5.59 3.8 
晶格常数 c（T=300 K）（Å）a 4.982 5.185 5.703 
热膨胀系数（×10-6/K）b 5.30 3.17 2.9 
带隙（T=300 K）（eV） 6.2 c 3.4 c 0.7 d 
带隙（T=0 K）（eV） 6.25 a 3.51 a 0.78 a 
电子有效质量（ 0/ mme
∗ ）a 0.30 0.20 0.07 
自发极化系数 psp（C/m2）a -0.090 -0.034 -0.042 
压电极化系数 e33（C/m2）e 1.46 0.73 0.97  
压电极化系数 e31（C/m2）e -0.60 -0.49 -0.57  
弹性系数 c33（GPa）a 373 398 224 
弹性系数 c13（GPa）a 108 106 92 
静介电系数 0/εεs  8.5b 8.9b 10.5f 
密度（g/cm3）g 3.23 6.15 6.81 
溶点（K）g 3487 2791 2146 
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